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Abstract 
The concept of smart grid lies in the integration of information and communication technologies into the existing power system 
infrastructure to get maximum benefit to the end-user. The objective of implementing smartness in the grid is to increase the 
reliability, efficiency, customer satisfaction and power quality of the vast electrical distribution network. This paper presents the 
power quality analysis of a smart grid pilot project of utility in Puducherry implemented under collaboration of Power Grid 
Corporation of India Limited. The analysis has been done by data collected via power analyser at several locations in the smart 
grid pilot project. Analysis includes harmonics, sub-harmonics, total harmonic distortion and other various components of power 
quality. Instead of using only voltage parameters, current parameters are also considered for analysis. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The electrical power distribution system of India is bulky, complex and growing rapidly. The 8% growth rate of 
GDP would lead the rise in demand by 3 times in next decade and 66% of which would be on-grid only [1].  By 
2032, the expected demand of the Power would be 900GW [2-3], and this demand would be met significantly by 
renewable sources besides the conventional resources. The expected potential of renewable energy would be 
183GW by the same time [4-5]. Along with the availability of power, the reliability and efficiency also become 
prime concerns for the Indian power systems. The increase in demand would not only consists of conventional 
domestic and industrial type loads, but also few new unique loads like electric vehicle and power electronics loads 
which would  contribute to a major part in demand growth.  
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As per the national mission for electric mobility, India would be having six million electric vehicles on road by 2020 
in [6-7]. Further, in current scenario, distribution system in India is facing high Aggregate Technical and 
Commercial (AT&C) losses [8-9]. According to report from the International Energy Agency (IEA) on 
Transmission and Distribution (T&D) losses in different countries during year 2010-11, the T&D losses in India are 
23.65% against 9.8% average throughout the world [10].The solution for all the above problems is to have smart 
electric grid at distribution level. With respect to a conventional grid, smart grid is more robust, transparent, reliable 
and efficient. Besides smart grid is also beneficial in terms of cost reduction, improvement in power quality, 
increase in national productivity, safety and also the direct participation of consumers.Smart grid has become next 
level of power system worldwide [11]. Fig.1 shows a conceptual model of a smart grid.To evaluate the real benefits 
and to identify suitable technologies/models of the smart grid, Ministry of Power, Govt. of India proposed 14 pilot 
projects across the country with different functionalities of smart grid. At present all these pilot projects are under 
initial stage of implementation. Puducherry smart grid project [12] is one of the proposed pilots which is being 
developed jointly by Power Grid Corporation of India Limited (POWERGRID) along with open collaborators and 
Puducherry Electricity Department (PED).The introduction of more power electronic devices gives increase in 
harmonic distortion [13]. Further the PV integration into the network influences both the voltage and network losses 
positively [14]-[15].Power Quality (PQ) disturbances include those from short to long duration variations, 
harmonics, flickers, increased downtime, etc. [12] and poor power quality would result in incurring high operation 
expenditure (Opex)cost. By monitoring and analysing power quality, the cause of power system disturbance can be 
identified and improved before they cause interruptions[13]. Various standards like IEEE-1547, IEEE-519, IEEE-
1159 etc. are laid down to monitor and control the quality of power supply.The indexes to monitor power quality are 
frequency variations, voltage variations, harmonics, flicker, power factor, etc. [18]-[19]. 
 
 
Puducherry smart grid pilot project covers Division-1 of ten divisions in PED. With 87035 numbers of 
consumers, Division-1 has 100% electrification. About 79% of these consumers are domestic and rest includes 
commercial, HT, agriculture, street light, etc. The entire division is supplied by one 110/22/11 kV sub-station, which 
feeds to seven 22kV overhead feeders, five 11 kV underground cable feeder and 325 distribution transformers with 
total load of 127.8 MVA. The completed interim pilot project covers 1400 consumers in 22 kVtown feeder with nine 
Distribution Transformers (DTs). Pilot project showcases all features of smart grid like as Advance Metering 
Infrastructure (AMI), Power Quality Management (PQM), Peak Load Management (PLM), Outage Management 
System (OMS), Renewable Energy Integration and Energy Storage[12]. 
In this paper, the power quality of the Pondicherry smart grid pilot project is investigated. The major 
contributions of the paper are as follows: 
x Extensive field data are collected and analysed to see the power quality issues. 
x The existing PQ problems are compared with the standards. 
x Total harmonic distortion, flicker, harmonic subgroups, individual harmonics components are obtained. 
Due to various power electronics load and interfaces, it is observed that there are some concerns in few areas. It 
was found that there is already an active power filter in the system for improving the power quality of the supply. 
The results are found very encouraging which can be used for many smart grid projects. 
 
 
        Fig. 2.Harmonic and Interharmonic sub-group 
           Fig. 1. Conceptual model of Smart Grid 
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2. Power Quality Components 
Power quality is affected by several factors [18]-[20].Table 1 and Table 2 present the various standards for 
power quality. 
Table 1.Power quality index. 
PQIndicators Voltage levels Standards IEC61000 EN50160 IEEE 
Frequency Variation - േͳΨ േͳΨ - 
Voltage Variations LV & MV േͳͲΨ േͳͲΨ - HV & EHV േͳͲΨ - - 
Interruption all േͳͲΨ േͳΨ േͳͲΨ 
Imbalance LV & MV േʹΨ േʹΨ - HV & EHV േͳΨ േͳΨ - 
Harmonics 
LV (8,6,2) (8,6,2) (5,3,3) 
MV (6.5,5,1.6) (8,6,2) (5,3,3) 
HV (3,2,1.5) - (2.5,1.5,1.5) 
EHV (3,2,1.5) - (1.5,1,1) 
Flicker 
LV (1,0.8) (-, 1) - 
MV (0.9,0.7) (-, 1) - 
HV & EHV (0.8,0.6) - - 
Table 2. Voltage harmonics limit as  per  standard EN50160. 
Odd Harmonics Event Harmonics 
Harmonic Rank Harmonic Voltage [%] Harmonic Rank Harmonic Voltage [%] 
3 5 2 2 
5 6 4 1 
7 5 6 0,5 
9 1,5 8 0,5 
11 3,5 10 0,5 
13 3 12 0,2 
3. Case Studies  
All To analyse the power quality of pilot project of smart grid in Puducherry, data have been collected using 
power analyser from several locations of smart grid system. Voltage variation, variation in frequency, flickers, 
power factor, THD in voltage and current, harmonic contents, etc. are used as the element of power quality analysis. 
Values of all elements are recorded at interval of five minute except flicker. The short time flickers are recorded at 
interval of 10 minutes. Four case studies of quality analysis of the utility are presented in this paper including two 
domestic load connections, one capacitor bank and one solar PV source connected to smart grid. 
3.1. Case 1: Load point 1 
This case study involves domestic load of Annainagar, connected to smart grid project of Puducherry. The rated 
per phase rms voltage and maximum rms current of the supply are 230V and 400A respectively. Over the period of 
measurement, the load current is recorded between 130A to 160A.The voltage variation on the terminal of load is 
shown in Fig 3. The maximum value of variation is recorded as 2% of rated rms phase voltage. The variation is 
significantly lower than the maximum limit of 10% as in Table 1. The next quality parameters, the frequency 
variation and flickers are also in the defined range of good power quality. As in Fig.4,the maximum value flicker is 
only 0.201volts in A-phase of the supply. The minimum value of power factor in different interval is presented in 
Table 3 for all three phases. The worst power factor is found to be 0.94 in phase-B which is very much close to the 
unity. 
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      Fig. 9. Zero and odd Harmonic subgroup in voltage of phase A of load pt. 1 
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Fig. 8. Odd Harmonic contents in current of phase A of load  pt.1 
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Fig. 7. Odd Harmonic contents in voltage of Phase A of load pt. 1 
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       Fig. 6.Avg. THD in current of phase ABC of load point 1 
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Fig. 5. Avg. THD in Voltage of phase ABC of load point 1 
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Fig. 4. Flicker in power supply of load point 1 
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                        Fig. 3.Voltage Variations at load point 1 
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Table 3.Minimum power factor of load point Annai Nagar 
Time (Hrs)  14:55 15:00 15:05 15:10 15:15 15:20 15:25 15:30 15:35 15:40 15:45 15:50 
Min
. 
Pow
er 
Fact
or 
Phase
A 
0.944 0.9527 0.9678 0.9558 0.9460 0.9519 0.960 0.9766 0.9542 0.976 0.967 0.964 
Phase
B 
0.968 0.9556 0.9596 0.9604 0.9570 0.9553 0.949 0.9568 0.9519 0.946 0.955 0.945 
Phase
C 
0.984 0.9836 0.9849 0.9823 0.9859 0.9875 0.985 0.9849 0.9798 0.974 0.973 0.982 
Fig. 5 and Fig. 6 depict the graphical representation of average value of THD over an interval of 5 min, for 
voltage and current, respectively. For voltage the maximum value THD i.e. 1.46% is recorded in phase-C and same 
for the current is 6.7% in phase-A. Individual harmonic contents are also analysed and presented in Fig.7 for voltage 
and in Fig 8 for current of phase-A. In voltage signal, maximum harmonic pollution is due to the 7th order harmonic 
(i.e.350Hz) which is approximately 0.9%, which is well within the limits defined by standards in Table2. In current, 
3rd harmonic (i.e. 150 Hz) has maximum contribution of 8%. Pollution in voltage also includes the contribution of 
harmonic subgroups. As in Fig 9, the 7th harmonic subgroup (i.e. frequency between 345 Hz to 355 Hz) is the 
dominating and attains the maximum value of 0.9% of fundamental. 
A. Case 2: Capacitor Bank 
The capacitor bank is used to improve the power factor of load and maintain the voltage level of the system by 
injecting the required reactive power in the supply. A capacitor bank connected to smart grid system at the 
distribution transformer at SP Nagar, level is also selected for analysis of power quality. The selected capacitor bank 
is of 140kVar and 250 Amp rating. 
 
 
The voltage variation at the terminal of bank is shown in Fig 10. The maximum variation in voltage level is 
found to be 2.1% in phase-A which is well within the specified limits. The flicker in supply is shown in Fig 11. The 
maximum variation in frequency is observed to be 0.14 Hz only and also the maximum value of flicker is observed 
as 0.19 volts in phase-B followed by 0.18 volts in phase-A. THD in phase voltage is below than 1.5% and the 
dominating harmonic order is of 5th order with upper range of 1% only, much lesser than 6% limit (Table 2). Major 
harmonic subgroups pollutants of power quality are 7th and 5th subgroup with frequency band between 345 Hz to 
355 Hz and 245 Hz to 255 Hz, respectively. All the measured index of power quality indicates to minimum 
disturbance present in the system. Thus the power quality has been achieved in all respects. Fig. 12, Fig. 13 and Fig. 
14 show the results. 
 
 
Fig. 11.  Flicker in power supply from Capacitor bank connected 
system 
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Fig. 10. Voltage Variation at the terminal of Capacitor bank 
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B. Case 3: Solar PV 
Since smart grid utilizes all kinds of available distributed sources to provide reliable power supply. Wind and 
solar are two of them mainly which provide clean & green energy. Pilot project in Puducherry also has PV solar 
besides other conventional power sources. The quality analysis of smart grid connected PV system at paper mill is 
also performed and presented in this paper. The measurements are taken at the Point of Common Coupling (PCC) of 
the PV system and the grid.The power factor for PV system is shown in Table 4. The minimum measured power 
factor shows 0.95 lagging which is almost equal to the unity. While the standards in Table 1 allows the voltage 
variation limit to be 10%, but the maximum variation observed is only 2% as shown in Fig.15.  The maximum value 
obtained by short time flicker as shown in Fig. 16 is 0.8 volts only which is lesser than the standard limit of 1 volt. 
The THD for voltage and current has achieved maximum value of 4% and 10%, respectively in phase-B. The graph 
for the same is presented in Fig. 17 and Fig. 18. The dominating harmonic order is 5th (i.e. 250Hz component) in A-
phase voltage and same is 7th (i.e.350 Hz component) in case of the A-phase current, with maximum value of 2.8% 
and 4.8% respectively. With respect to domestic load point and capacitor bank, the PV Solar has more contents of 
harmonic subgroups. The odd harmonics are shown in Fig. 19 and Fig. 20. The 5th group is the dominating harmonic 
subgroup and attains the value of 2.7% as shown in Fig. 21. 
 
Table 4.Minimum power factor of PV Solar  
Time (Hrs)  12:15 12:20 12:25 12:30 12:35 12:40 12:45 12:50 12:55 13:00 13:05 13:10 
Min. 
Power 
Factor  
PhaseA 0.961 0.9632 0.9522 0.9518 0.9441 0.9522 0.9523 -0.956 -0.95 -0.956 0.96 0.963 
PhaseB 0.991 0.9914 0.9895 0.9888 0.9872 0.9891 0.9888 -0.990 -0.990 -0.990 0.991 0.991 
PhaseC 0.996 0.9967 0.9957 0.9954 0.9949 0.9954 0.9952 -0.996 -0.996 -0.996 0.996 0.996 
 
 
 
Fig. 14. Zero and Odd Harmonic subgroup in voltage of phase-A of Capacitor bank 
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Fig. 13. Odd Harmonic content in voltage of phase A of Capacitor 
bank 
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Fig. 12. Avg. THD in phase voltages ABC in capacitor bank 
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C. Case 4: Load Point 2 
The selected load is domestic in nature, rated as 230V, 315A per phase, connected to Suthandira Ponvizha Nagar 
substation of in Puducherry. The current has been observed between 120A to 160A in each phase. The graph in Fig. 
22 shows the variation in rms value of voltage as 2.15% only, much lesser than the maximum limit (Table 1). 
Maximum frequency variation and flicker are found to be -0.15Hz and 0.45 volts. Flicker is shown in Fig. 23. Table 
5 presents the power factor measurement, and it shows 0.94 pu as minimum recoded value of PF. THD is observed 
1.4% for voltage with 0.9% content of dominating 7th order harmonics, both well within the defined limits by 
standards. Harmonic subgroup in voltage of phase A is recorded to be the 0.9%. The maximum pollution from 
harmonic subgroup is from 7th harmonic subgroup that includes the frequencies between 345Hz to 355 Hz. As 
observed, the frequency, voltage, THD, harmonics and also the flicker parameters for load point 2 are well within 
the range of defined limits.  The analysis suggests the good quality of power in load point. Fig. 24 and Fig. 25 show 
the Voltage THD and Current THD respectively. 
 
 
 
 
Fig. 20. Odd Harmonic content in current of phase-A at PCC 
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Fig. 19. Odd Harmonic content in voltage of phase A at PCC 
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Fig. 18.Avg THD in current in phase ABC from PV solar 
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Fig.17. Avg. THD in Voltage of phase ABC of at PCC 
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Fig.16. Flicker in power supply at PCC 
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Fig.15. Voltage variation at coupling point between PV solar 
and smart grid 
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Table 5.Minimum  power factor  of  load point  Suthandira Ponvizha Nagar 
Time (Hrs)  13:20 13:25 13:30 13:35 13:40 13:45 13:50 12:55 14:00 14:05 14:10 14:15 
Min. 
Power 
Factor  
PhaseA 0.973 0.9748 0.9714 0.9727 0.9707 0.9711 0.9713 0.9739 0.97 0.977 0.9769 0.9756 
PhaseB 0.989 0.9911 0.9912 0.9899 0.9857 0.9882 0.986 0.984 0.984 0.9898 0.9852 0.9815 
PhaseC 0.948 0.9456 0.9454 0.941 0.9491 0.9441 0.9359 0.9454 0.9489 0.9289 0.9466 0.9378 
 
 
 
 
 
 
                 Fig.24 Voltage THD  in power supply at  load point 2                                    Fig. 25 Current THD  at load point 2 
4. Conclusion 
This paper analyses the Power Quality (PQ) issues in the smart grid project of Puducherry, India. The PQ 
parameters for a load point, capacitor bank as well as for PV Solar system have been recorded and analysed. From 
the analysis of various PQ parameters, it shows that the voltage variation is within 2% for all the cases but other 
parameters show significant difference in case of PV system when compared to the other two cases. The flicker, 
which lies within 0.2 volts for load and capacitor, attains value of 0.8 volts for PV system. Similarly, the index like 
total harmonic distortion for voltage and current, individual harmonics and harmonic subgroup attains the higher 
values in the PV system than the load and capacitor. The quality can be further improved by installing active filters 
 
 
Fig.23 Flicker in power supply of load point 2 
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Fig.22 Voltage Variation in load point 2 
 
0
0.5
1
1.5
2
2.5
13
:1
5
13
:2
0
13
:2
5
13
:3
0
13
:3
5
13
:4
0
13
:4
5
13
:5
0
13
:5
5
14
:0
0
14
:0
5
14
:1
0
14
:1
5V
ol
ta
ge
 V
ar
ia
tio
n
 
[%
]
Avrms Bvrms Cvrms
 
 
Fig. 21 Zero and odd Harmonic subgroups in voltage of phase A at PCC 
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and other devices, if required. Thus, the smart grid pilot system of Puducherry is operating under very good power 
quality conditions defined by standard norms prescribed by various national and international agencies like CERC, 
IEC, and IEEE etc. 
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